ABSTRACT: Trace metal concentrations (Cd, Cu, Fe, Zn) and total calcium content were measured in the gills of 2 marine fish (painted comber Serranus cabrilla and striped mullet Mullus barbatus) sampled in different stations in the cove of Cortiou, where the outlet collecting the waste waters of Marseille, France, is situated (NW Mediterranean). In parallel, the activity rates of some phase 1 enzymes (ethoxyresorufin-0-dealkylase. EROD; pentoxyresorufin-0-dealkylase, PROD) and phase I1 enzymes (glutathione-S-transferase, GST) were determined in the livers of both species of fish. Cadmium and copper concentrations were highly variable for both species. Two sampling stations situated in the dispersion area of waste waters seemed affected by chemical pollution. At these stations, iron concentrations appeared to be higher in gills of S. cabrilla and M. barbatus Elevated iron concentrations were thought to be due to the water treatment plant, which uses iron chloride as a flocculant. Likewise, at both stations calc~um and cadmium concentrations were higher in M. barbatus. EROD and PROD activities appeared to be generally lower in the livers of S. cabriUa collected at both 'polluted' stations; GST activities did not differ according to the sampling stations. Enzyme activities (PROD and GST) in M. barbatus were lower at the stations in the dispersion area of waste waters. The results imply that heavy metals, which can also be accumulated in some target organs of fish, may lower biotransformation enzyme activities which are induced in the Livers of fish exposed to organics.
INTRODUCTION
The purpose of this study was to measure trace metal concentrations (Cd, Cu, Fe, Zn) and total calcium content in the gills of 2 marine fish (painted comber Serranus cabnlla and striped mullet Mullus barbatus) sampled in the cove of Cortiou, France, where the outlet collecting the waste waters of Marseille is situated. The activity rates of some phase I enzymes (ethoxyresorufin-0-dealkylase, EROD; pentoxyresorufin-0-dealkylase, PROD) and phase I1 enzymes (glutathione-s-transferase, GST) in the livers of the 2 fish species were also studied. The waste waters contain both types of chernical pollutants: heavy metals, and organics such as PAHs (polycyclic aromatic hydrocarbons), PCBs (polychlorinated biphenyls) and pesticides. In this area of mixed pollution, we evaluated whether the biotransformation enzymatic activities, induced in fish exposed to organics, could be modified by the presence of heavy metals.
Trace metal accumulation in the tissues of fish is a general phenomenon. The gills are the first target in metal accumulation because they are directly in contact with seawater. But some correlations between tissue concentrations of metals and the development of hepatic perturbations have been reported (Establier et al. 1978a , b, Gutierrez et al. 1978 , Dubale & Shah 1979 , Sinovcic et al. 1980 , Ssrensen et al. 1980 , Gony et al. 1988 .
Heavy metals are known to interfere with calcium homeostasis in mammals and fish (Shephard & Simkiss 1978 , Bansal et al. 1985 , Reddy et al. 1988 , Zhang et al. 1990 ). Viarengo et al. (1988) showed that calcium concentrations significantly increased in the digestive gland of mussels exposed to pollutants in the field, as well as in contaminated (copper and diesel oil mixture) mesocosm basins. Regoli et al. (1991) observed a net increase of total calcium concentration in the body of mussels during metal accumulation.
Fish, as well as mammals, possess the ability to perform a wide variety of detoxication reactions. The first metabolic step is mediated by mono-oxygenase or mixed-function oxygenases (MFO), which introduce functional groups into the substrates (reviewed by Buhler & Williams 1988) . Primary oxidation products arising from the so-called phase I reactions are then excreted or further transformed into products of greater water solubility. This second step (phase 11) is mediated by a series of conjugating enzymes (reviewed by Foureman 1989) . The major organ involved in xenobiotic metabolism in fish is the liver. Hepatic MFO induction in fish has been used on many occasions as a monitoring tool (Payne et al. 1987) .
MATERIALS AND METHODS
The area of study is shown in Fig. 1 . As there are no tidal currents, circulation of waters in the Cortiou area is mostly wind-induced (Castelbon 1972 (1982) showed that sediments alone in this area can account for the variability of the aquatic system on a long-term basis. Sigruficant dilution gradients of Cohou effluent were found by Arnoux (1988) as a function of depth and along 2 axes, one heading to the west and the other to the southeast. We elected to sample 2 transects along this latter axis (Stn TR1, along the island of Calesraigne, and Stn TR2, along the mainland coast near the waste water outlet of Cortiou) by obliquely towing the trawl from 80 to 25 m. Additional samples were collected by trawling for 10 min at different depths following the 30,40,50, 60 and 70 m isobaths. All sampling was performed from the RV 'Roselys' (IFREMER).
On board, 5 specimens of each species (Serranus cabrilla and Mullus barbatus) at each station were measured, weighed and identified as to sex. Fish were then dissected and the organs separated. Gills were carefully rinsed with a solution of 1 M glycine and 10 mM Tris(hydroxymethy1-aminomethane)-HC1. Rinsing gills with this solution, which has the same osmolarity as seawater, allows the elimination of seawater, whlch contains 11 mM of calcium. Whole livers and gills were kept in liquid nitrogen until analysis. Metal determinations were carried out on gills, whereas the activities of biotransformation enzymes were determined in the livers of fish.
Metal determinations in fish gills. Gills were first thawed and dried at 60 'C to a constant weight. Digestion of gills was performed in a microwave oven (CEM-MDS81D) as follows. First, samples were placed in highpressure vessels and concentrated nitric acid (65%) homogenized in a cold volume of 10 mM Tris -250 mM (12 pm01 rnin-' mg-') and TR2 (9 pm01 min-l mg-') sucrose buffer (pH 7.4), containing protease inhibitors than those reported for the different depths (e.g. (phenylmethylsulfonylfluoride, PMSF) and 20 % (v/v) 28 pm01 min-' mg-' at 50 m). The same tendency was glycerol. The homogenates were centrifuged at observed for PROD activities. GST values did not differ 105000 X g for 15 min and the supernatant collected among sampling stations. and centrifuged again at 105 000 X g for 60 min. The Hepatic enzyme activities in Mullus barbatus are rnicrosomal pellets were then suspended in a 10 mM shown in Fig. 3 . Lower activities of PROD were Tris / 250 mM sucrose buffer (pH 7.4). EROD and observed at Stn TR2 and the same phenomenon PROD were determined according to Burke & Mayer occurred at both Stns TR1 and TR2 for GST. Generally, (1974) and Lubet et al. (1985) respectively. GST was the values were ca 80 pm01 min-' mg-' for EROD, determinedwith the substrate l-chloro-2,4-dinitrobenca 4 pm01 m i x ' mg-' for PROD and ca 200 nmol zene (Habig et al. 1974 ). Proteins were analyzed by the nlin-' mg-' for GST. method of Lowry et al. (1951) . Tables 3 & 4 give the correlation matrix between the different variables analysed for Serranus cabrilla and Mullus barbatus respectively. As data display a wide range of variation, a log transformation was done. The sampling stations studied were those with complete data for biotransformation enzyme activities and metal concentrations. Eight variables were taken into consideration (Ca, Cd, Cu, Fe and Zn concentrations, and EROD, PROD and GST activities). This corresponds to 25 samples for S. cabrilla and 20 samples for M. barba tus.
RESULTS

Calcium and trace metal concentra-
With regard to Serranus cabrilla (Table 3) , there was a positive correlation between EROD and PROD (r = 0.709), as well as between copper and zinc (r = 0.492). Both enzyme activities were negatively correlated with iron (EROD/Fe, r = -0.626; PROD/ Fe, r = -0.546) and calcium (EROD/Ca, r = -0.404; PROD/Ca, r = -0.419).
With regard to Mullus barbatus, calcium and iron were positively correlated (r = 0.715), as were copper Arnoux (1988) reported high levels of total hydrowhereas EROD was negatively correlated with calcarbons (18 000 1-19 g-'), zinc (2550 1-19 g -' ) and copper cium (r = -0.466) and iron (r = -0.535), and GST with (680 pg g -' ) in sediments collected in the dispersion zinc (r = -0.481).
area of waste waters from Cortiou; cadmium levels (9 1. 19 g-l) seemed slightly higher than values reported for coastal sediments. Chabert & Vicente (1981) found DISCUSSION a mean maximal value of 5.5 1-19 Cd g -' in sediments sampled in a Mediterranean bay not far from Cortiou. Generally, results were highly variable for metal High levels of metals (particularly copper, zinc and concentrations in gills, as well as for hepatic enzyme lead) were found in the gonads and in the digestive activities, as shown by the elevated standard deviacontent of the sea urchin Paracentrotus lividus tions. It must be emphasized that fish are not exactly in collected in the Cortiou area (Delmas 1986 (Delmas /1987 . the same metabolic state and, due to their movement, Pergent-Martini (1992) also reported high levels of they do not necessarily integrate the same pollution metals (particularly copper and iron) in the manne gradient. This renders interpretation difficult. Neverphanerogam Posidonia oceanica from this area as theless, the fish which were analysed were of the same compared to levels found in unpolluted areas. length (20 to 25 cm) and weight class (60 to 80 g ) , with
At both Stns TR1 and TR2 (which correspond to a a mean length and weight 25 cm and 73 g for Serranus trawling from 80 to 25 m in the area of the effluent discabnlla and of 20 cm and 67 g for Mullus barbatus. Fish persion, TR2 being the transect closest to the outlet), had not begun their reproductive cycle since it occurs high levels of iron were noted for Serranus cabrilla; from April to July for S. cabrilla and from April to these levels were even more significant for Mullus barAugust in the case of M. barbatus (Fischer et al. 1987) .
batus. It must be emphasized that the water treatment Moreover, since S. cabnlla is a hermaphroditic species, plant at Cortiou uses iron salts (254.4 k g of iron chlothis elimnates possible variations due to sex in mearide per day since 1987) as a flocculant. Delmas (1990) suring hepatic enzymatic activities.
found, among populations of Paracentrotus lividus The results on metal concentrations were compared to living near the outlet of Cortiou, individuals with brown previous results (Gnassia-Barelli et al. 1992 ) obtained on to black gonads. An ultrastructural study demonSerranus cabrilla in different parts of the NW Mediterstrated the presence of extracellular and intracellular crystals and an X-ray microanalysis revealed the presence of iron, chlorine and sulphur in these crystals. The author suggested that this bioaccumulation of iron is linked to the release into coastal water of iron chloride from the treatment plant of Cortiou. At Stns TR1 and TR2, calcium concentrations were also higher in the gills of both fish species compared to calcium concentrations in the gills of fish from the other stations. This holds true especially in the case of Mullus barbatus, and the differences found in calcium concentrations cannot be attributed to a difference in the gill weights since fish analysed were of the same weight and size class and did not have different gill weights. Allemand et al. (1989) measured the gonad calcium content of Paracentrotus lividus collected near the sewage outfall of Cortiou and found that this content was 2.6-fold higher than that measured in sea urchins from a n unpolluted zone. A sirmlar increase of cell calcium content was measured by Viarengo et al. (1988) in the digestive gland of mussels exposed to high levels of copper and diesel oil. Thus, increase in calcium concentrations detected in some organs of marine animals may be considered as an index of general toxicity.
Very few data on PROD activities in fish are found in the literature. The majority of studies report a general lack of response to phenobarbitone induction in fish (Kleinow et al. 1987) . Although no correlations were found between organic micropollutants and PROD activity (Van der Oost et al. 1991) , these authors reported indications for the existence of a phenobarbitone-type inducible enzyme system for 2 fish species: pike (PROD activity ranging from 0.6 to 4.9 pm01 min-l mg-l) and eel (from 2.7 to 6.6 pm01 min-' mg-l). Addison et al. (1991) found that, for the winter flounder Pseudopleuronectes arnericanus treated with a PCBsubstitute, Ugilec-141m, the significant increase in PROD : EROD ratios reflected the absence of measurable PROD activity in control fish and the authors noted a slightly induced PROD activity (41.8 pm01 min-' mg-l) in treated dab Lirnanda lirnanda compared to controls (22.9 pm01 min-' mg-l).
The correlation matrices demonstrate that, in general, the variations of enzyme activities EROD and PROD in the livers of Serranus cabrilla and Mullus barbatus are negatively correlated with metal concentrations in the gills of these fish. Pollutant trace metals may inhibit induction of biotransformation enzyme activity. Addson & Edwards (1988) reported that exposure of flounder to diesel oil and copper in mesocosms over several months did not induce EROD or benzo[a]pyrene hydroxylase (B[a]PH). In addition, in the same mesocosm system Suteau et al. (1988) found that mussels, which accumulated significant amounts of copper, showed a drop in the membrane-bound enzyme actlvity of B[a]PH and epoxide hydrolase (EH). Fair (1986) noted that administration of cadmium alone to the black sea bass Centropristis striata had no effect on B[a]PH and GSH-S-transferase. In plaice Pleuronectes platessa, George & Young (1986) found that the cotreatment with both PAH and heavy metal caused an apparent synergistic effect which led to an inhibition of the conjugating enzymes.
The EROD, PROD and GST activities in the liver of Serranus cabrilla and Mullus barbatus were significantly lower than those previously reported (Mathieu et al. 1991 , Narbonne et al. 1991 . The presence of high metal concentrations (iron and copper) reported by different authors for sediments and marine organisms collected in this area (Delmas 1986 /1987 , Arnoux 1988 , Pergent-Martini 1992 and also found in this study for the gills of S. cabrilla and M. barbatus may explain the low hepatic biotransformation enzyme activities.
In conclusion, in samples collected in the area of dispersion of waste waters from the outlet of Cortiou, low biotransformation enzyme activities in the liver of 2 fish species appear to be associated with high levels of metals, particularly iron and copper, in the gills of the organisms. Goksayr & Forlin (1992) reported that the mechanism of heavy metals, such as cadmium, which lower P-450 activities is not known and should be further studied to give a basis for evaluating the response of biotransformation enzymes in mixed contamination situations, i.e. with organic chemicals and heavy metals present in the environment at the same time. This work is not a general statement about metal accumulation and biotransformation; it reports some local conditions. Nevertheless, in many coves of the NW Mediterranean, treatment plants, using the same processes as in Cortiou, are now in operation and mixed pollution may occur. Delmas, P., De Renzis, G. (1989) .
Alteration of calcium transport as a mechanism of cell injury induced by HgC12 in sea urchin eggs. Mar. environ. Res. 28: 227-230 Arnoux, A. (1988) . Micropollution dans les sedirnents et la
